Abstract-The location of distribution centers plays a vital role in logistics planning. This paper presents a new method for solving the location problems. The mechanism of finite state automaton is combined to the standard GA to diversify location strategies and accelerate the convergence speed of the method. The experiment results demonstrate the proposed method outperforms the standard GA in terms of computational cost.
INTRODUCTION
As crucial problems in logistics planning, how to select distribution centers has been studied for decades. Solutions of this type of location problems fall in three categoriescontinuous models, discrete models [1] - [3] , and expert consultation models [4] . Among them, discrete location models are more practical, compared with discrete models that may obtain meaningless results. These discrete models aim to find the best location in limited alternatives [5] - [7] . Since these alternative locations are deterministic, the obtained solutions are in line with actual requirements.
Automata theory was initially proposed in robot research fields for imitating the human's or the animal's actions and behaviors. Nowadays, it has become one of theory foundations of computer science and has been widely used in computer as well as other fields. Finite state automaton (FSA) is based on the mathematical model of automata. The FSA was proposed as a kind of calculation models and focuses on the calculation in a limited storage process with discrete inputs and outputs. It has finite states, each of which can be converted to one or more states by a certain condition, or can be converted to null state. Such a mechanism of the FSA can be used to describe the logistics facility location problem. This paper combined FSA with genetic algorithm (GA) as a new method for selecting distribution centers. The new method offers an improved processing speed and a better interpretation of the logistics location process. Meanwhile, the two algorithms (FSA and GA) complement and cooperate each other, enhancing the robustness of the combined method.
II. THE COMBINED METHOD

A. Genetic Algorithm
GA was first proposed by Holland, professor of the University of Michigan in 1975 in his monograph "Adaptation in Natural and Artificial Systems" [8] . It is based on Darwin's theory of evolution, using the survival of the fittest concept to simulate the process of evolution in biology. This algorithm includes four steps: problem initialization, individual evaluation, population evolution, and test termination. In the process of this algorithm, candidate individuals evolve as a result of the operations of crossover and mutation, then excellent individuals retain in accordance with certain criteria. After that, these excellent individuals are combined to produce a new generation of potentially outstanding individuals. By repeating and iterating the above process, a set of optimal solutions can be finally selected.
B. Finite State Automaton
FSA [9] is the mathematical language that describes finite states and transformations between these states. Its working processes are: at any moment in a time series sequence, it reads a character from an input string, and then does some transformation based on the current state and the input character. After finishing these, it goes to the next subsequent moment [10] .
FSA consists of a finite set of states, which can be described by a five element equation [9, 11, 12] , that is,
. In this equation:
1) Q is the set of finite states, where each element is called a state of the automaton.
International Conference on Artificial Intelligence and Industrial Engineering (AIIE 2015)
2)  is an alphabet, which is the set of all characters in the input tape.
3)  is a state transformation function, that is ( , )
It means that the automaton will turn to state ' q after receiving character x in state q . It describes the process of automaton from one state to the next.
4) 0
q Q  is the initial state.
5) F Q
 is the set of receiving states.
C. Combining FSA with GA
The encoding of a deterministic finite state automaton can be expressed by two parts of state transformation and output. Suppose the automaton has states [13] , thus its input matrix can be expressed as [ ]
, where 1 q is the initial state of automaton. Based on this, the state transfer matrix can be expressed:
Where ij t belongs to the finite alphabet and denotes the transformation from state i q to j q , that is ( , ) Before combining the FSA with the standard GA, we introduce two definitions below.
Definition 1
If there are n "1"s in a 0 1  matrix of n n  , and these "1"s are located in different rows and columns of the matrix. Then the matrix is regarded as a standard matrix.
Definition 2
The element change of the matrix is called as an operation of matrix mutation.
Next, combining with GA, we can deal with the input matrix and state transformation matrix of the automaton. Both the matrices are random 0 1  ones. We first executed the 'mutate' operation to the input matrix. An element in the input matrix is selected randomly to mutate and produce a new individual, and then a new input matrix is obtained.
The specific process of mutating the transfer matrix into a standard matrix is shown as follows:
1) Change the elements in row i : if there is only one "1" in these elements and the elements in the column of this element are all "0"s, then keep the elements of position ( , ) i j unchanged; if there are one or more "1" in the column of these elements, then mutate them into "0".
2) If there are two or more "1"s in the elements of row i , and the corresponding elements of column j are all "0"s: then retain "1" of any positions in these elements and mutate "1"s into "0"s of the other positions in row i . If there is only one other element of column j is "0" in the all "1" elements of row i , then retain the position ( , )
i j and mutate "1"s into "0"s of the other positions in row i . If there are two or more "1"s in the elements of row i , and at least one "1" exists in the corresponding elements of column j , then retain "1" of any positions in these elements and mutate "1" into "0" of this "1" position and the other position in row i . Repeat the above steps (1)- (3) to mutate the state transformation matrix of the automaton into a standard matrix. Then by multiplying the standard state transformation matrix by the input matrix of the automaton, we can obtain an output matrix of the automaton. Thus using GA to mutate the state transformation matrix and the output matrix of the automaton, some new individuals are obtained by optimizing their fatherlevel individuals. The states of the automaton, which are produced by the above evolution process, are the final result.
III. AN APPLICATION TO LOGISTICS FACILITY LOCATION
The problem of locating distribution centers is related to the path relationships among factory, distribution centers and customers. The solution to this problem is to find alternative locations that minimize total transportation cost. There could be a few factors that affect the location of distribution centers. One needs to do a comprehensive analysis on these factors, considering the relationships among them and the corresponding cost, and determine the fitness function based on the analysis. We determined the input matrix and transformation matrix of the automaton, used GA to mutate them, and output the states of the automaton. In our case, there are n alternative locations, the goal of this case study is to select multiple optimal locations from these n alternative locations to build distribution centers. Thus this case study aims to find a set of optimal solutions rather than one.
A. Problem Description
The formation of a logistics center is an inevitable result of society development. The logistics center considered in this case study is the urban distribution center [14] . There are three key facilities in the case study: factories, distribution centers and customers. Among them, each factory has a fixed location; the locations of customers are dispersed in multiple fixed areas; there are multiple alternative locations available for building distribution centers. The goal of this problem is to find one or more optimal locations with the minimum cost. The total cost of transportation and distribution According to the above symbols, this model aims to minimize the total distribution cost z. The objective function is given below:
where the variables are all non-negative, and there are some constraints:
The objective function is to find a minimal cost with the constraints of not exceeding the given budget and the supply demand. Due to the undetermined number of finally selected distribution centers, the average investment cost for a distribution center was used as the fitness function value.
Finally, we used the proposed combined model to solve the optimization problem.
C. Experiments
The case study is modified from the case in the literature [3] . Suppose the case study city has three factories in an area of 6400 square kilometers. Goods are transported from factories to distribution centers, and then the centers will distribute them to customers in need. Ten alternative locations are available for building one or more distribution centers. The case study takes place in a city where customers are scattered, so we divided them into customer blocks. Suppose 600 customer blocks are distributed in the city and the demands of these customer blocks are no more than 800 goods units. The unit transportation price is 1 Yuan (Chinese dollar) per kilogram per kilometer. The distribution capacity of each distribution center and the supply capacity of each factory are both 150000. Customers' demands for a distribution center and a distribution center's demands for a factory are all proportional to the distance between them and the distribution center. The ratio is a random number from one to ten. The management and construction cost of each distribution center is 2 billion Yuan. The total investment budget is 20 million Yuan. The locations of the alternative centers, factories and customers are produced randomly in a certain area. The output matrix of the automaton represents these selected locations.. Compared with the traditional location algorithm (standard GA) of the facility location, the algorithm proposed in this paper not only introduces the matrix encoding based on FSA to deal with the input state matrix and the transformation matrix, but also uses GA to mutate the encoding matrix. The proposed algorithm uses GA to deal with the matrix encoding of the automaton, ensures the diversity of individuals, and improves the convergence speed of the evolutionary curve, thus achieves an optimal effect. We can see from the graph of the evolutionary curve. Optimal solutions were found by our combined method with only 130 generations/iterations, while the standard GA needs 250 generations to find satisfactory results. When the two methods are applied to the facility location problem in a larger scale city, the benefit of our combined method will be much in evidence.
D. Results and Analyses
IV. CONCLUSIONS
Aim to deal with the limitation of applying the standard GA in solving the facility location problem, we gave the selection process for the alternative locations through the state transformation of the FSA. Due to the difficulty in handling the illegal individuals that are produced in the encoding of the standard GA, the FSA-based matrix encoding was proposed in this paper. In addition, some operations of standard GA, such as mutation, were integrated to the method to obtain effective output states.
The method proposed in this paper can offer real-time and effective decisions to improve the operational efficiency of a logistics system. We shall make efforts in our future work to use ecosystem-inspired mechanisms [15] - [16] to improve the flexibility of the optimization method presented in this paper. The combined method can also be applied to broader areas, such as constrained mixed-variable optimization problems [17] .
